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Drug development

Raise standards for preclinical cancer research

C. Glenn Begley & Lee M. Ellis &3

Nature 483, 531-533 (2012) | Cite this article

- Clinical trials in oncology have the highest failure rate compared with
other therapeutic areas;

- The quality of published preclinical data plays a central role as drug
development relies heavily on the literature, especially with regards to
new targets and biology;

- Scientists at Amgen tried to replicate 53 landmark preclinical studies;

- Only 11% (6) out of 53 studies were replicated.

Begley CG, Ellis LM. Raise standards for preclinical cancer research. Nature. 2012 Mar;483(7391):531-3

REPRODUCIBILITY OF RESEARCH FINDINGS

Preclinical research generates many secondary publications, even when results cannot be reproduced.

Journal Number of Mean number of citations of Mean number of citations of
impact factor | articles non-reproduced articles® reproduced articles

>20 21 248 (range 3-800) 231 (range 82-519)

5-19 32 169 (range 6-1,909) 13 (range 3-24)

Results from ten-year retrospective analysis of experiments performed prospectively. The term ‘non-reproduced’ was
assigned on the basis of findings not being sufficiently robust to drive a drug-development programme.
*Source of citations: Google Scholar, May 2011.




Reproducibility vs Replicability

When comparing two studies, possible sources of differences are:
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Population Question Hypothesis Experimental Expenmenter Data Analysis Analyst Code Estimate Claim
design plan

M Missing M Differentvaiue Il Incorrectly reported

M Observed

Patil P, Peng RD, Leek JT. A visual tool for defining reproducibility and replicability. Nature human behaviour. 2019 Jul;3(7):650-2.
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Survey of the Quality of Experimental Design, Statistical
Analysis and Reporting of Research Using Animals

Carol Kilkenny'*, Nick Parsons?, Ed Kadyszewski®, Michael F. W. Festing®, Innes C. Cuthill®, Derek Fry®,
Jane Hutton’, Douglas G. Altman®

- Kilkenny and colleagues reviewed 271 preclinical studies;

* Only 59% stated the hypothesis or objective of the study and the number and
characteristics of the animal used in the experiments;

* 87% did not use randomization, 86% did not use blinding in their experiments;

* Only 70% used statistical methods described in their methods and presented
results with a measure of error such as standard deviation.

Kilkenny C, Parsons N, Kadyszewski E, Festing MF, Cuthill IC, Fry D, Hutton J, Altman DG. Survey of the quality of experimental design, statistical analysis and reporting of research using animals. PloS
one. 2009 Nov 30;4(11):e7824.
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Perspective

Improving Bioscience Research Reporting: The ARRIVE
Guidelines for Reporting Animal Research

Carol Kilkenny'*, William J. Browne?, Innes C. Cuthill®>, Michael Emerson®, Douglas G. Altman®

- ARRIVE (Animal Research: Reporting of In Vivo Experiments) guidelines were proposed in 2010;

- ARRIVE has 17 set of items that can be divided under sections of a paper:
- Introduction: Title, Abstract, Objectives, Ethical Statement;
- Method: Study Design, Experimental Procedures, Experimental Animals, House and Husbandry, Sample Size, allocating Animals,
Experimental Outcomes, Statistical Methods;
- Results: Baseline Data, Outcomes and Estimation, Adverse Events
- Discussion: Funding

Kilkenny C, Browne WJ, Cuthill IC, Emerson M, Altman DG. Improving bioscience research reporting: the ARRIVE guidelines for reporting animal research. Journal of Pharmacology and
Pharmacotherapeutics. 2010 Dec;1(2):94-9.



Reporting

RESEARCH ARTICLE »
The Devil Is in the Details: Incomplete
Reporting in Preclinical Animal Research

Marc T. Avey'?*, David Moher', Katrina J. Sullivan’, Dean Fergusson’, Gilly Griffin', outcomes and estimation cHiicglcitement

Jeremy M. Grimshaw*%, Brian Hutton'-%, Manoj M. Lalu’-", Malcolm Macleod®,
John Marshall®, Shirley H. J. Mei’, Michael Rudnicki’, Duncan J. Stewart’®, Alexis
F. Turgeon®'?, Lauralyn Mcintyre''", Canadian Critical Care Translational Biology Group"

numbers analyzed study design

experimental procedures

- After 6 years that ARRIVE guidelines were proposed, Avey et al. reviewed 47 paseline data
preclinical studies;

. . R statistical methods experimental animals
» Adequate reporting of items from the Methods Section ranged from 9%
(allocating animals to experimental groups, housing and husbandry) to 65% _ e in
. experimental outcomes ousing usbandry
(experimental procedures);
allocating animals sample size

« Adequate reporting of items from the Results Section ranged from 0%
(adverse events) to 71% (outcomes and estimation).

Avey MT, Moher D, Sullivan KJ, Fergusson D, Griffin G, Grimshaw JM, Hutton B, Lalu MM, Macleod M, Marshall J, Mei SH. The devil is in the details: incomplete reporting in preclinical
animal research. PloS one. 2016 Nov 17;11(11):e0166733



Reproducibility/Replicability in Science

Authors helped

M Extreme | M Very | ™ Moderate | ©* Some | ® Minimal |l No

c".. ° a
S ELIfe FEATURE ARTICLE ‘ ‘ _ ‘ '
|0% 25% 50% 75% lOO%l
REPRODUCIBILITY IN CANCER BIOLOGY Protocol clarifications needed
. Few | ©* Some | ™ Moderate | M Strong | Ml Extreme
Challenges for assessing
° ofe ° e o ! ! |
replicability in preclinical o -
cancer biology Reagents offered
M Yes M No N/A
TIMOTHY M ERRINGTON*, ALEXANDRIA DENIS', NICOLE PERFITO?,
ELIZABETH IORNS AND| BRIAN A NOSEK _ '
IO% 25% 50% 75% 100%
Code shared

M Open | M Yes ' = Some info | Il No | ™ N/A

[0% ZIS% S(IJ% 75% 100%
- Errington et al. tried to replicate 193 experiments from 53 high- = 5
impaCt paperS as part Of the prOjeCt RQDTOdUClbllltV PrOieCt: éztiaXn?:rimI;:eEgs[Etiwn Test unknown | B No, but variation | M No, but image
Cancer Biology | Collections | eLife (elifesciences.orq); e T

| | 1
IO% 25% 50% 75% 100%

Data shared

M Open M Raw = Summary B No

| |
lO% 2'5% 56% 7'5% 100%
Errington TM, Denis A, Perfito N, lorns E, Nosek BA. Reproducibility in cancer biology: challenges for assessing replicability in preclinical cancer biology. Elife. 2021 Dec 7;10:e67995. 8


https://elifesciences.org/collections/9b1e83d1/reproducibility-project-cancer-biology
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Reproducibility/Replicability in Science

Errington et al. initiated 87 experiments from 29 papers, but only
completed 50 of them from 18 papers.

29
Replicati
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Errington TM, Denis A, Perfito N, lorns E, Nosek BA. Reproducibility in cancer biology: challenges for assessing replicability in preclinical cancer biology. Elife. 2021 Dec 7;10:e67995.



Reporting

PLOS BIOLOGY

COMMUNITY PAGE _ _ Box 2. ARRIVE Essential 10 Box 6. ARRIVE Recommended Set
Reporting animal research: Explanation and

: . . ; 1. Abstract
elaboration for the ARRIVE guidelines 2.0 1. Study design
: 2. Background
Nathalie Percie du Sert®'*, Amrita Ahluwalia2, Sabina Alam?, Marc T. Avey°, 2. Sample size g
Monya Baker®, William J. Browne(’, Alejandra Clark®°?, Innes C. Cuthill®, 3. Objectives
= A 10 : 1 12 13 = . . - . .
Ulrich D|rn.‘=|g1l4 _,h.n'llchae1l Emerson ,PauIG?;ner ,Stephe!'l;l'é Holg.ate. ,Da1v|d 3. Inclusion and exclusion criteria
W. Howells , Viki Hurst', Natasha A. Karp , Stanley E. Lazic'", Katie Lidster’, .
Catriona J. MacCallum®'7, Malcolm Macleod '8, Esther J. Pearl»’, Ole H. Petersen'®, L 4. Ethical statement
Frances Rawle(»?’, Penny Reynolds®?', Kieron Rooney®??, Emily S. Sena'?, Shai 4. Randomisation .
D. Silberberg®®, Thomas Steckler?*, Hanno Wirbel5*® 5. Housing and hushandry
5. Blinding } o
6. Animal care and monitoring
6. Outcome measures . e
7. Interpretation/scientific implications
7. Statistical methods 8. Generalisability/translation
8. Experimental animals 9. Protocol registration
9. Experimental procedures 10. Data access
10. Results 11. Declaration of interests

Du Sert NP, Ahluwalia A, Alam S, Avey MT, Baker M, Browne WJ, Clark A, Cuthill IC, Dirnagl U, Emerson M, Garner P. Reporting animal research: Explanation and elaboration for the ARRIVE
guidelines 2.0. PLoS biology. 2020 Jul 14;18(7):e3000411.
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What have | learned from interacting with
preclinical scientists working on research In
stroke?




Reproducibility/Replicability in Stroke research

A call for transparent reporting to optimize the

predictive value of preclinical research - The US National Institute of Neurological Disorders

Story C. Landis, Susan G. Amara, Khusru Asadullah, Chris P. Austin, Robi Blumenstein, Eileen W. Bradley, and StrOke Convened major Stakeh0|ders |n June
Ronald G. Crystal, Robert B. Darnell, Robert J. Ferrante, Howard Fillit, Robert Finkelstein, Marc Fisher, 2012 tO diSCUSS hOW tO improve the meth0d0|ogica|
Howard E. Gendelman, Robert M. Golub, John L. Goudreau, Robert A. Gross, Amelie K. Gubitz, Sharon E. repornng Of an|mal Stud|es |n grant app“caﬂons and

Hesterlee, David W. Howells, John Huguenard, Katrina Kelner, Walter Koroshetz, Dimitri Kraing, Stanley E.

publications.

Lazig, ... Shai D. Silberberg &+ showauthors

Nature 490, 187-191 (2012) | Cite this article

66k Accesses | 874 Citations | 636 Altmetric | Metrics

Schmidt-Pogoda A, Bonberg N, Koecke MH, Strecker JK, Wellmann J, Bruckmann NM, Beuker C, Schéabitz WR, Meuth SG, Wiendl H, Minnerup H. Why most acute stroke studies are
positive in animals but not in patients: a systematic comparison of preclinical, early phase, and phase 3 clinical trials of neuroprotective agents. Annals of neurology. 2020 Jan;87(1):40-51.
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Reproducibility/Replicability in Stroke research

Why Most Acute Stroke Studies Are

Positive in Animals but Not in Patients: - Pivotal study design differences between experimental
A Systematic Comparison of Preclinical, studies and clinical trials, including different primary end
Early Phase, and Phase 3 Clinical Trials points and time to treatment, publication bias, neglected

guality criteria and low power, contribute to the stepwise
efficacy decline of stroke treatments from experimental

Antje Schmidt-P MD @, Nadine B MSc,>! Mailin H h Marie Koecke,' ; H ;
ntje Schmidt-Pogoda, ; adine Bonberg, Szc, ailin Hannah Marie OiC e, StUd|eS to phase 3 C||n|CaI trlals
Jan-Kolja Strecker, PhD," Jirgen Wellmann, PhD,” Nils-Martin Bruckmann, MD,
Carolin Beuker, MD," Wolf-Ridiger Schabitz, MD,? Sven G. Meuth, MD, PhD,’

Heinz Wiend|, MD," Heike Minnerup, MD, MSe,? and Jens Minnerup, MD'

of Neuroprotective Agents

Schmidt-Pogoda A, Bonberg N, Koecke MH, Strecker JK, Wellmann J, Bruckmann NM, Beuker C, Schéabitz WR, Meuth SG, Wiendl H, Minnerup H. Why most acute stroke studies are
positive in animals but not in patients: a systematic comparison of preclinical, early phase, and phase 3 clinical trials of neuroprotective agents. Annals of neurology. 2020 Jan;87(1):40-51.
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The Stroke Preclinical Assessment Network

- Six interventions were selected to be tested in a multi-

SCIENCE TRANSLATIONAL MEDICINE | RESEARCH ARTICLE Iaboratory pre-clinical trial;
STROKE .. .
. o L - Six independent research laboratories performed a
A multi-laboratory preclinical trial in rodents to assess standard focal cerebral ischemic insult in animals divided
treatment candidates for acute ischemic stroke in five animal models: young mice, young rats, aging

mice, mice with diet-induced obesity, and spontaneously

Patrick D. Lyden1'2*, Marcio A. Diniz?, Francesca Bosetti*, Jessica Lamb’, Karisma A. Nagarkatti1, . .
hypertensive rats;

André Rogatko®, Sungjin Kim?, Ryan P. Cabeen’, James |. Koenig®, Kazi Akhter®, Ali S. Arbab’,
Brooklyn D. Avery®, Hannah E. Beatty®, Adnan Bibic®, Suyi Cao®, Ligia Simoes Braga Boisserand®,
Angel Chamorro'®'!, Anjali Chauhan'?, Sebastian Diaz-Perez'?, Krishnan Dhandapani'?, - Equal numbers of males and females:

Nirav Dhanesha'®, Andrew Goh'?, Alison L. Herman®, Fahmeed Hyder15’17, Takahiko Imai'é, q !

Conor W. Johnson®, Mohammad B. Khan'®, Pradip Kamat'?, Senthilkumar S. Karuppagounder®’, _ _
Mariia Kumskova'®, Jelena M. Mihailovic'®, Joseph B. Mandeville'®, Andreia Morais'®, - 2645 animals were enrolled throughout four stages with

Rakesh B. Patel'®, Basavaraju G. Sanganahalli'®, Cameron Smith'®, Yanrong Shi®, :
Brijesh Sutariya', Daniel Thedens?', Tao Qin'%, Sofia E. Velazquez®'3, Jaroslaw Aronowski'?, one drug selected at the end of the trial.

Cenk Ayata??, Anil K. Chauhan'®, Enrique C. Leira'®?*?%, David C. Hess'®, Raymond C. Koehler?,
Louise D. McCullough'?, Lauren H. Sansing®'?

Lyden PD, Diniz MA, Bosetti F, Lamb J, Nagarkatti KA, Rogatko A, Kim S, Cabeen RP, Koenig JI, Akhter K, Arbab AS. A multi-laboratory preclinical trial in rodents to assess treatment candidates
for acute ischemic stroke. Science translational medicine. 2023 Sep 20;15(714):eadg8656.
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The Stroke Preclinical Assessment Network

Good practices: Opportunities of improvement:

« Blinding;
« Several drugs might have failed due lack of

« Randomization; :
adequate dose-response studies;

* Allocation concealment

. Stratification by sex: * Protocol should be pre-registered,;

* Introduction of controlled variability; « High rate of missing data for aging animals.
« Adaptive sample sizes;

» Reporting followed ARRIVE 2.0 guidelines.

15




Good practices that could be
Implemented In cancer research




Randomization and Blinding

OPEN @ ACCESS Freely available online @ PLOS | ONE

The Need for Randomization in Animal Trials: An
Overview of Systematic Reviews

Jennifer A. Hirst'*®, Jeremy Howick'*®, Jeffrey K. Aronson’, Nia Roberts?, Rafael Perera’,
Constantinos Koshiaris, Carl Heneghan'

™ %
Autnor Year Outcome SMD (5% CT)  Weight % Author Year  Ouicome SMD (95%C1)  Weight

Author Year Outcome SMD (95% CI) Weight
Mackod 2008 Infarctvolume 0.44 (0.65,-0.24) 2.17 Jemdal 2009 nerctvolume —_— 017 (038,004) 163
Jemdal 2009 Infarctvolume 0.27 (.48, -0.05) 2.08 Bath 2009 Ifarctvolume —_— -0.14 (0.33,0.05) 191
satn 2009 Infarctuolume 0.25 (0.49,-0.01) 192 Macleod 2008 Infarctvolume .35 (-0.54, -0.17) 3.63 Wangewem 2007 Infarctvolume —— -0.06(0.13,000) 438
wy 2014 Infarctuolume 0.16(0.33,002) 237 Vesterinen 2013 Infarctvolume —_— 005 (-0.25,0.14) 188
Banwell 2009 Infarctvolume -0.14(-0.30,002) 2.52 Banwell 2009 Infarctvolume -0.22 (-0.38,-0.06) 4.48 Maclead 2004 Inferctvolume —— -0.01(0.17,0.15) 2,37
Lees 2012 infarctuolume -0.13(0.20,-0.05) 3.0 Van de worp 2007 Infarct volume 0.22 (-0.40, 0.03) 3.73 W 2014 Infarctvolume —_— 0.01(0.22,021) 160
Vande worp 2007  Infarct volume 0.10 (-0.17,-0.03) 3.13 P 22 (:0.40,0.03) 3. Pedder 2014 Infarct volume —_— -0.00 {(-0.17,0.17) 226
Vesterinen 2013 Infarct voluma 0.04 (0.20,0.12) 250 Pedder 2014 Infarctvolume -0.19 (-0.47,0.09) 2.07 Macleod 2005 Infarctvolume —_— 0.00 (-0.26,0.27) 121
Sena 2010 infarctvolume 0.01 (.07, 316 ; g Wilmot 2005 Infarctuolume —_— 001(034,036) 076
Pedder 2014 Infarctvolume -0.01 (417, 247 Sena 2007 Infarct volyme 0.11(030,0.07) 3.7 Lees 2012 Tnfsrct volume —— 0.03(0.05,0.11) 419
Willmot 2004 Infarct volume -0.00 (0.13, 276 Bath 2009 Infarctwolume -0.11 (-0.29,0.08) 3.64 Banwell 2008 Infarct volume —— 005 (0.10,020) 252
Mackod 2004 Infarctvolume 0.08(0.10,027) 229 Wiimot 2004  Infarctvolume —f— 005(009,020) 261
Willmot 2005 Infarct volume 0.09(-0.10,0.28) 226 Jemdal 2009 Infarct volume 007 (:0.31,0.16) 2.67 Sena 2010 Infarct volume —— 009 (0.02,0.18) 437
Macleod 2005 Infarct volume 0.10(-0.06,026) 2.52 Sena 2010 Infarct volume -0.03(-0.11,0.05) 7.16 Macleod 2005  Infarct volume —— 0.12(-0.01,024) 296
Egan 2014 Infarctvolume 0.13(001,028) 264 Sena 2007 Inferctvolume - 0.15(-006,036) 172
Macleod 2005 Infarctvolume 0.20(0.02, 0.42) 206 Egan 2014 Infarctvolume -0.03 (-0.16,0.10) 5.35 Horn 2001 Infarctvolume — 0.16 (023,055 062
Sena 2007 Infarctvolume 021{003,0.39) 235 Veswrinen 2013 Infarctvolume 0.00(0.28,0.28) 2.01 Egen 214 ferctvolume —_— 021(062,039) 198
Wheble 2007 Infarctvolume 0.44(0.16,0.72) 165 Wheble 2007 Infarctuolume 034(0.05,053) 104
Gibson 2006 Infarctvolume 0.49(0.18,0.79) 156 Lees 2012 Infarctvolume 0.02(-0.08,0.11) 6.61 Bebartz 2003 Mixed —— -0.66 -1.13,-0.23) 0.55
Curte 2013 Mixed 084 (1,00, -0.68) 2.50 Macleod 2005 Infarctvolume 0.31(0.04,0.58) 2.23 Currie 013 Mixed |- 006 (0.00,0.12) 456
Bebarta 2003 Mixed -0.68 (-1.01,-0.29) 1.27 (0.04, ) Currie 2013 Mixed — 008 (0.10,0.26) 204
Hirst. 2013 Mixed -0.48 (-0.57,-0.40) 3.05 Jemdal 2009 ur score -0.21 (-0.46,0.03) 2.54 Hirst 2013 Mixed R B 0.6 (-0.17,0.43) 085
Hirst 2013 Mixed -0.01 (0.25,022) 186 g o Currie 2013 Mixed —— 021(0.13,029) 410
Currie 2013 Mixed 0.02 (-0.08,0.10)  3.09 Frantzias 2011 NeuthhaVTDurser «0.09 (018,-0.01) 7.00 Jerndal 2008 Neurobehaviour score —— -0.33 (0.51,-0.15) 207
Janssen 2010 Mixed 0.47(011,083) 126 Rooke 2011 Neurobehaviour score -0.08 (-0.24,0.08) 4.29 Waizlawick 2014 Neurobehaviour score —_— -0.19 (0.37,-0.00) 197
Macleod 2005 -0.89 (-1.35,-0.43) 01 Batchelor 20132 Neurabehaviour score —_— -0.19 (10.32,-0.05) 287
W 2014 Neurcbehaviour scare +0.25 (-0.43,-0.08) 2.37 sena 2010 Neurbehaviourscore <006 (021, 0.08) 487 Wy 2014 Neurabehaviour score — -0.15 (0.32,003) 215
Walzdla:fi:k ;:;; Neuw:E:awnwswm -griﬂg"; ;z.;ﬂoﬂﬂ)) ;;: Egan 2014  Neurcbehaviour score -0.02 (-0.17,0.13) 4.68 Egan 2014  Neurobehaviour score et -0.12(0.27,0.02) 243
Jemdat Neurobehaviour scare .17 (0.35,0.01 Mackod 2005  Neurobehaviour score _— 010 (0.47,028) 067
Van de worp 2007  Neurobehaviour scare 0.16 (-0.30,-0.01) 2.61 Lees 2012 Neurobehaviour score -0.01 (-0.09,0.07) 7.15 Rooke 2011 Neurobehaviour score [ 008 {-0.14,-0.01) 455
Franzias 2011  Neurobehaviour score 0.11 (0.8, -0.05) 3.16 Batchelor ~ 2013b Neurchehaviourscore —— 0.00(-0.21,0.22) 3.05 Antanic 2013 Neurobehaviour score —-— -0.07 {0.12,-0.02) 479
Batchelor 20133 Neurobehaviour score 000 (0.25,0.05) 244 ! ¥ancewom 2007  Neurnbehaviour score — 005(0.21,010) 239
Mackod 2004  Neurobehaviour score 0.05(029,0.19) 190 Watzlawick 2014 Neurobehaviour scare —— 003(-0.14,0.20) 413 Vesterinen 2013 Neuradehaviour score —_—— -005(0.27,038) 164
Loy Eoetrili i it 0.04(015,007) 289 Antonic 2013 Neurobehaviour score ' 0.08{-0.01,0.16) 7.09 Mackod 2004  Neurobehaviour score —_— -0.05(0.28,0.19) 135
Rooke 2011 Neurobehaviour scare -0.03(0.05,004) 1.16 ; ' ! Baichelr  2013b Neurobehaviour score —_— 0,04 (0.23,0.14) 187
Baichelor 2013 Neursbehaviour score 0.02 (0.21,0.07) 231 2013 core —_— 0.09(-0.20,0.38) 1.97 Wilmot 2004 Neurobehaviour score — 003 (0.25,023) 122
Vesteringn 2010 Newrobehaviour scora 0.01(0.03,0.01) .30 ' L 17 Neurbeh . O0R{0.10 004 439
Lees 2012 " Hesuehaia v Scors £aood7 407y 214 sena 2007 Neurobehaviour scare i 012(013,0.36) 257 Vasteinen 2010 Nemoshaviour scare . 001 :o‘oa'nm; 534
Egan 2014 Neurcbehaviour score 0.04(0.11,0.18) 265 Batchelor 20132 Neurobehaviour scare ™ 0.15{:0.06,0.35) 3.29 Franzias 2011  Neurobehaviour score - 002 (0.05,0.08) 454
Antonic 2013 Neurobehaviour scare 0.07(001,012) 321

Overall (Isquared = 51.6%, p =0.002 < -0.04 (-0.08, 0.00) 100.00 Sens 2010 Neurabehaviour score 0.10(000,022) 336
Vesterinen 2013 Newrobehaviour scare 014 (0.04,0.32) 235 (sq o P ) ( ) Owerall (Fsquared = 68.3%, p =0.000) -0.01 (0.04,003) 100.00
Ouerall (I-squared =89.1%, p = 0.000) +0.07 (-0.12,-0.02) 100.00 : )
NOTE: Weights are from random effects analysis NOTE: Weights are from random effects a:'na\ysws L : MOTE  ieights are fom random effects m,' = t T

T T
1 0 &
12 0 1 -6 0 6
Randomisaton reduces effectsize  Randomisation increases effectsize Concealment reduces effectsize  Concealmentincreases effectsize A s 3 R =

Hirst JA, Howick J, Aronson JK, Roberts N, Perera R, Koshiaris C, Heneghan C. The need for randomization in animal trials: an overview of systematic reviews. PloS one. 2014 Jun 6;9(6):€98856



Stratification by sex

- In 2016, the National Institutes of Health (NIH) implemented a policy requiring investigators to consider
sex as a biological variable;

- NIH policy was a consequence of a series of reports calling for the inclusion of females in research and
describing the limitations of sex-biased studies starting in the 1990s until early 2000s.

- The policy aimed to ensure equal representation of males and females in vertebrate research studies;

- It does not require investigators to power studies in order to determine sex differences nor does it ask
investigators to analyze data by sex.

https://orwh.od.nih.gov/sex-gender/nih-policy-sex-biological-variable 18



Stratification by sex
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A 10-year follow-up study of
sex inclusion in the biological
Review sciences

Sex bias in neuroscience and biomedical research

Neuroscience and Biobehavioral Reviews

& 4
P\l

ELSEVIER journal homepage: www.elsevier.com/locate/neubiorev

NICOLE C WOITOWICH*, ANNALIESE BEERY AND TERESA WOODRUFF
Annaliese K. Beery?, Irving Zucker?-¢*

4 Robert Wood Johnson Health & Society Scholar at University of California, San Francisco and University of California, Berkeley, CA, USA
b Department of Psychelogy, and Helen Wills Neuroscience Institute, University of California, 3210 Tolman Hall, 1650 Berkeley, 94720 CA, USA
€ Department of Integrative Biology, University of California, Berkeley, 94720 CA, USA

- Woitowich et al. (2020) did a follow-up study including 720
articles from 9 research areas (including PloS Biology,

_ _ _ Science, Nature among others).
- In 2011, Beery and Zucker conducted a systematic review to quantify

the extension of sex-bias across several research areas. Out of 841, - There was a large increase of sex-inclusive studies from
only 28% (n = 232) articles had inclusion of both sexes such that 50% 28% to 63%.
(n = 131) of them presented analysis by sex.

- However, there is no improvement on analyses by sex from
50% to 42%.

Beery, A.K. and Zucker, I., 2011. Sex bias in neuroscience and biomedical research. Neuroscience & Biobehavioral Reviews, 35(3), pp.565-572.
Woitowich NC, Beery A, Woodruff T. Meta-research: a 10-year follow-up study of sex inclusion in the biological sciences. Elife. 2020 Jun 9;9:e56344. 19



Stratification by sex

:;l-:‘ e Life RESEARCH ARTICLE a @

. . . - Garcia-Sifuentes and Maney (2021) evaluated 147 articles that had
Reporting and misreporting of sex analyzed sex as a confounding variable, stratification and interaction

differences in the biological sciences among selected papers from Woitowich et al. (2020);

Yesenia Garcia-Sifuentes’, Donna L Maney"?*

- Among those 147 articles, 92 (62%) planned an equal number of

100% females and males in their studies;

. Did not report an interaction

©
Reported an interaction . . .
.g 80% B Rep - Among those 92 articles, 61 (67%) claimed sex differences but 40
g g (65%) did not test the interaction effect.
- @
2% 60%
£E - Among those 40 articles,
< 8 AR - 24 (60%) based their conclusions on the stratified analysis;
® 3 - 12 (30%) based their conclusions on the comparisons between sex
g ik within a treatment arm;
: A I I I
0% I
R S S S N\
A *‘}o 0\0%. °\°°o o\ooo_zo& o\°%‘ o\ooo &é‘
& QQV‘\ O(\Q ’b\%‘ 6‘00 ‘or-,"\ 6@" ‘o‘\‘,\ &060
i ]
SEL T T
Garcia-Sifuentes Y, Maney DL. Reporting and misreporting of sex differences in the biological sciences. Elife. 2021 Nov 2;10:e70817. 20



Introduction of controlled variability

@'Pl_os | BIOLOGY

META-RESEARCH ARTICLE — [ cC T | Multi-lab study
Reproducibility of preclinical animal research —>/\/\ | el —alr| -2
improves with heterogeneity of study samples c (= ol —~| -

Bernhard Voelkl", Lucile Vogt', Emily S. Sena?, Hanno Wiirbel'* — (6 i ’
L |l BB _ | - —» A%, CI, t
/C\/\ b | | "
- Although genetic and environment standardizations are considered R .
gold standard yielding more homogeneous populations, such good . R D lcaariiati i~
practices might generate results that are too specific to standardized - /\ _atsr et
study conditions which leads to poor replicability/reproducibility; U

Single-lab study

c By T N =24

- Asimulation study was performed using data of 50 independent studies
for stroke on the effect of therapeutic hypothermia on infarct volume in
rodent models of stroke available on the Collaborative Approach to
Meta-Analysis and Review of Animal Data from Experimental Studies
(CAMARADEYS);

| A%, Cl t

- Multi-laboratory studies and potentially other ways of creating more
heterogeneous study samples provide an effective means of improving
the reproducibility of study results.

Voelkl B, Vogt L, Sena ES, Wirbel H. Reproducibility of preclinical animal research improves with heterogeneity of study samples. PLoS biology. 2018 Feb 22;16(2):e2003693 21



Introduction of controlled variability

Systematic heterogenization for better reproducibility
in animal experimentation

S Helene Richter

Lab Animal 46, 343-349 (2017) | Cite this article

- Variability can be introduced in single laboratory studies with more than one mouse model/strain and mini-batches of

experlments.
( (Week | [ Week | (Week ) (Week ) [ Week ) Week | (Week | (“Week ) (Week | { Week ) ( Week | [ Week
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FIGURE 2 | Systematic heterogenization over time (“batch heterogenization”). Batch heterogenization aims to split experiments into small batches of animals
that are tested some time apart (heterogenized design) instead of testing them at once in just one large batch (standardized design). Combining these
“mini-experiments” in one big experiment is then assumed to increase representativeness of the whole study population, resulting in findings that are more
reproducible between experiments and laboratories.
Richter SH. Systematic heterogenization for better reproducibility in animal experimentation. Lab animal. 2017 Sep;46(9):343-9 22



Adaptive Sample Size
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PERSPECTIVE

Increasing efficiency of preclinical research by - ;
. . inal analysis

group sequential designs . ———

Reject H, if P<ay

bl
Konrad Neumann'*, Ulrike Grittner'>**, Sophie K. Piper'>*, Andre Rex>*, Oscar Florez- {'—'—‘ v_f"i\‘
Vargas®, George Karystianis®, Alice Schneider'?2, lan Wellwood?’, Bob Siegerink®®, John IBQ w e e Bayes: State d#0 if O is
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: 3 Z 3 Oy (O

credible interval of

P. A. loannidis®, Jonathan Kimmelman'®, Ulrich Dirnagl®>3%%11:12

n=12 effect size d
+ 4

. . . ) o Interim analysis 1 Interim analysis 2
- Group sizes in preclinical research are seldom informed by statistical ORI UL | [—————
power considerations but rather are chosen on practicability; and reject Hy if P<a, - and reject Hy if P< a,
Bayes: Terminate if O is Bayes: Terminate if 0 is

not in the 99.8% credible not in the 96.8% credible
interval of effect size d interval of effect size d

- Group sequential designs can offer higher efficiency than traditional
methods and are increasingly used in clinical trials including futility or
efficacy stopping rules.

- Sequential designs can lead to a substantial reduction in number of
animals for some experiments allowing increased sample sizes to more
promising experiments.

Neumann K, Grittner U, Piper SK, Rex A, Florez-Vargas O, Karystianis G, Schneider A, Wellwood I, Siegerink B, loannidis JP, Kimmelman J. Increasing efficiency of preclinical research by
group sequential designs. PLoS biology. 2017 Mar 10;15(3):

23



Adaptive Sample Size

- The approach of sequentially collecting data, one measurement at a time, and stop when we have sufficient
measurements, e.g. when the p-value drops below 0.05 seems very appealing when minimizing sample size is desired;

Sample sizes

For optogenetic activation experiments, cell-type-specific ablation experiments, and in vivo
recordings (optrode recordings and calcium imaging), we continuously increased the
number of animals until statistical significance was reached to support our conclusions. For
rabies-mediated and anterograde tracing experiments, the selection of the sample size was
based on numbers reported in previous studies. For optrode recordings, we first recorded a
preliminary data set of six units from two mice. Based on analysis of this data set and given
the success rate in finding identified GABAergic units, we predicted that about 20 units are

sufficient to statistically support our conclusions.

Weber F, Hoang Do JP, Chung S, Beier KT, Bikov M, Saffari Doost M, Dan Y. Regulation of REM and non-REM sleep by periaqueductal GABAergic neurons. Nature communications. 2018
Jan 24;9(1):1-3 24



Adaptive Sample Size

Comment | Open Access ‘ Published: 23 April 2019

The problem with unadjusted multiple and sequential

statistical testing Fig. 1
1.0

Casper Albers

Nature Communications 10, Article number: 1921 (2019) | Cite this article

12k Accesses | 24 Citations ‘ 23 Altmetric ‘ Metrics

p value

- Without adequate statistical methods, sequential testing
increases the false positive rate;

00 T I. T 1 T T T
- In various anonymous large-scale surveys, large = 8 o o L L B

Sample size

numbers of researchers, active in various fields of
research, have admitted to following this strategy at least
once. Some Of the fl_ndlngs InCIUC!e 369% Of eCOlOQIStS the first instance where one of the runs falls below the 0.05 level. Two of the runs don’t reach 0.05
and 50.7% of evolutionary biologists. before n =150

A computer simulation of sequential p-values when there is no effect. The thick line is the instance

discussed in the text; the five thin lines represent independent simulations. The black dots indicate

Albers C. The problem with unadjusted multiple and sequential statistical testing. Nature Communications. 2019 Apr 23;10(1):1921. 25



Opportunities of Interaction

- Design of experiments

» Strategies for randomization and blinding;

» Strategies to introduce controlled variability in experiments;
» Designs with adaptive sample size;

* Power considerations.

- Data analyses for in-vitro and in-vivo studies

Statistical rigor to conduct test of pre-established hypotheses;

Strategies to deal with missing data due animal death;

Code for analysis available to share with publications;

Reporting according to ARRIVE guidelines.

26




Biostatistics and Clinical Informatics Core at
Tisch Cancer Institute




Biostatistics and Clinical Informatics Core

Aims of the Biostatistics team in Tisch Cancer Institute are to:

- Establish a scientific and administrative structure that supports investigators from a broad background and
creates a collegial environment;

- Provide high-quality consultation in research design and biostatistical analysis;
- Train laboratory and clinical investigators in the quantitative aspects of research;

- Support development of innovative statistical methods and promote application of novel analytical methods to
collaborative projects.

https://labs.icahn.mssm.edu/tcibci/ 28



Biostatistics and Clinical Informatics Core

Services Supported by Grants or Contracts

Y .
Statistical analysis of data| | Assistance with h
directly related to grant or manuscript writing and
Services Supported by NCI-CCSG a Non-'ng:g:gtﬂona' T review
(Free of Charge) " _ X J
. . .
4 Interventional - 4 - N _ _ [ Assistancewith
Grant Investigator Initiated Sltat.'St'?‘;I . Assistance with research identification of research
development Trial (I-IIT) protocol adri]raegzlsr(()alatic? conferences gaps to initiate new
and review development and to a¥1 T A AN research topics /
\_ review \_ /
Cns . Teaching short : . N FUNDING MODELS
Assistance with courses in Mentoring for - - -
journal clubs : Young Grapts. o Fee for Service Contracts:
q design and | tigat d - Biostatistician's salary
ana paper analysis nvestigator an charged at fixed %FTE » Charged at a subsidized
review methodology \ K awards Y. (negotiated up front during hourly rate of $125
grant development) + Requiring a minimum of
* PhD + MS statisticians eight hours of work.
recommended for large
grants
Long-term Collaboration Contracts:
* Investigator's departmental funds
used to support Biostatistician's
salary charged at fixed %FTE
« With matching dollars provided by
the NCI-CCSG
https://labs.icahn.mssm.edu/tcibci/ 29



Biostatistics Team

Madhu Mazumdar, PhD  Marcio Diniz, PhD Erin Moshier, MS John Mandeli, PhD Xiaoyu Song, PhD
Co-Director Co-Director Managing Director Associate Professor Associate Professor

;

J}B i ; :
Himanshu Joshi, PhD )
Kwon, PhD . ’ . Francesca Petralia, PhD
\ ’ Assistant Professor Seungjun Ahn, PhD : ’ Lewis Tomalin, PhD
Associate Professor Assistant Professor Assistant Professor Acsistant Professor

iy

Mayuri Jain, MS

Grace Van Hyfte, MS Biostatistician |

Asem Berkalieva, MS  Weijia Fu, MS Biostatistician I

Senior Biostatistician Biostatistician Il
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Questions?

marcio.diniz@mountsinai.org

More information, visit:

https://labs.icahn.mssm.edu/tcibci/
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